Objective Clinical outcomes of the stand-alone cage have been encouraging when used in anterior cervical discectomy and fusion (ACDF), but concerns remain regarding its complications, especially cage subsidence. This retrospective study was undertaken to investigate the long-term radiological and clinical outcomes of the stand-alone titanium cage and to evaluate the incidence of cage subsidence in relation to the clinical outcome in the surgical treatment of degenerative cervical disc disease. Methods A total of 57 consecutive patients (68 levels) who underwent ACDF using a titanium box cage for the treatment of cervical radiculopathy and/or myelopathy were reviewed for the radiological and clinical outcomes. They were followed for at least 5 years. Radiographs were obtained before and after surgery, 3 months postoperatively, and at the final follow-up to determine the presence of fusion and cage subsidence. The Cobb angle of C2-C7 and the vertebral bodies adjacent to the treated disc were measured to evaluate the cervical sagittal alignment and local lordosis. The disc height was measured as well. The clinical outcomes were evaluated using the Japanese Orthopaedic Association (JOA) score for cervical myelopathy, before and after surgery, and at the final follow-up.
Introduction
Since it was first introduced by Smith and Robinson [24] 50 years ago, anterior cervical discectomy and fusion (ACDF) has become a standard procedure for the operative treatment of degenerative cervical disc disease associated with radiculopathy or myelopathy. Although there is still controversy about the necessity of fusion after anterior cervical discectomy [25] , most authors agree that fusion stabilizes the cervical spine and maintains the disc height, while decompressing the spinal cord and roots [1, 30] . However, autogenous tricotical iliac bone, which is widely used in ACDF as interbody graft, is associated with donorsite morbidity as well as graft problems [23, 27] .
Different types of interbody fusion cages have been developed to address abovementioned issues. An interbody fusion cage provides immediate postoperative stability, maintains disc height, and therefore achieves fusion. The anterior plate system is often added in order to promote fusion and reduce the risk of graft extrusion and collapse [20, 21] . Clinical outcomes have been encouraging when cages are applied with or without additional fixation in single-and two-level procedures and even in three-and four-level surgeries [16, 19] . However, there are also debates about the use of cervical cages in a stand-alone style for anterior cervical arthrodesis in relation to complications, among which the most frequent is cage subsidence [10] . Until now, there are few studies for long-term results of the stand-alone cages for ACDF. The only study involving follow-up period of more than 5 years was a retrospective series of 146 patients reported by Hida et al. [14] . The authors followed up patients undergoing ACDF with stand-alone titanium cages, two kinds of hollow, threaded, and cylindrical cages, and found 7% of cage subsidence in their series. No studies have documented the long-term results of other types of cages used for ACDF in the stand-alone fashion.
The purpose of this study is to investigate the long-term safety and effectiveness of the stand-alone titanium box cages for ACDF based on a minimum 5-year follow-up, with special emphasis on the incidence of cage subsidence, and the possible relevance to the clinical outcome. We hypothesized that postoperative cage subsidence and sagittal alignment of the cervical spine would correlate with the clinical outcome.
Materials and methods
A retrospective study was conducted on patients undergoing ACDF with stand-alone cage for degenerative cervical disc disease. This study was approved by our Institutional Research Board.
Patient population
From Jan 2002 to Jun 2005, ACDF using a titanium box cage (SynCage C, Synthes USA, Paoli, PA, USA) was performed in 67 consecutive patients. Of the 67 patients, 10 were lost to follow-up. A total of 57 patients (34 males, 23 females) at 68 levels were included in this study with a minimum follow-up of 5 years. The mean age of these patients at operation was 47.2 years (range 23-70 years). Indications for surgery included progressive radiculopathy and/or myelopathy resulting from one-to two-level cervical degenerative disc disease after failed conservative treatment. Patients with more than two-level developmental stenosis of the cervical spine, continuous or combined ossification of the posterior longitudinal ligament, prior cervical spine surgery, and significant osteoporosis (T score \-2.5 at DEXA examination) were considered contraindicated.
Forty-six patients had a one-level fusion, and 11 patients a two-level fusion. C5-C6 was the most frequently treated level (C3-C4, 5 cases; C4-C5, 14 cases; C5-C6, 36 cases; and C6-C7, 13 cases).
Surgical technique and postoperative care
ACDF was performed via a standard anterolateral approach from the right side. With distraction screws placed into the adjacent vertebral bodies, distraction was applied using a Caspar distractor. The disc material was removed with the posterior longitudinal ligament opened and removed if necessary. The cartilage end-plates were removed with curettage while the bony end-plates were protected from drilling or curetting procedure.
After decompression was complete, an appropriate sized cage filled with autologous cancellous bone harvested from anterior iliac crest was implanted as a stand-alone device. The size of cage was determined by intraoperative evaluation using a trial cage in order to achieve the initial stability. After implantation of the cage, the Caspar distractor was released and the stability of the cage was confirmed.
Postoperatively, the patients were encouraged to resume their normal activities as soon as possible with a soft collar to avoid over-extension for 6 weeks.
Radiological assessment
Routine anteroposterior and lateral views were made preoperatively, 1-2 days postoperatively, at 3 months postoperatively and final follow-up. Lateral flexion/extension radiographs were obtained at 3 months postoperatively and at final follow-up. Fusion was defined as a lack of motion between the vertebral bodies and cages on flexion/extension radiographs and the absence of any dark halo around a cage on both anteroposterior and lateral radiographs; or bone bridging the intervertebral space through or around the cage [15] .
Based on the lateral radiographs of the cervical spine at the neutral position, the sagittal alignment of the cervical spine was evaluated using the Cobb angle between C2 and C7. The improvement of the sagittal alignment was defined by DCobb angle (C2-C7 Cobb angle at the follow-up -C2-C7 Cobb angle before surgery). The Cobb angle of the vertebral bodies adjacent to the involved disc (local Cobb angle) was measured to evaluate the local lordosis. The local DCobb angle (local Cobb angle at the followup -local Cobb angle after surgery) was calculated to evaluate the change of the local lordosis and influence of cage subsidence upon sagittal alignment of the cervical spine. The anterior and posterior disc space heights of the surgical level were measured.
The occurrence of subsidence was investigated. Subsidence is defined as loss of height of more than 2 mm at any of the two measured disc heights [10] .
All radiographic documents were reviewed by an independent observer.
Clinical evaluation
The Japanese Orthopaedic Association (JOA) score for cervical myelopathy was recorded before and after surgery, and at the final follow-up. A full score was defined as 17 points, 8 for upper and lower motor functions, 6 for sensory functions, and 3 for bladder rectal function. The recovery rate of JOA score, which indicates the degree of normalization after surgery, was calculated as (postoperative score -preoperative score) 9 100/[17 (full score) -preoperative score] (%). Neck and radicular pain was evaluated using the Visual Analogue Scale (VAS) before and after surgery, and at the final follow-up.
Statistical analysis
Descriptive data are represented as means ± standard deviation (minimum-maximum). Repeated measure ANOVA or paired t test were used for comparison between preand postoperative continuous variables. When a statistical significance was shown by ANOVA, the post hoc Student-Newman-Keul's test was made. Parameters between the patients with and without subsidence were compared using unpaired t tests, Chi-square, or Fisher's exact test. Pearson correlation coefficient was used to measure the relationship between radiological and clinical outcome. SPSS software v16.0 was used for all statistical analyses. A P value of less than 0.05 was considered to be significant.
Results
All patients were followed up for at least 5 years, with the mean follow-up period of 6.58 ± 0.83 (range 5.17-7.83) years (Figs. 1, 2 ).
Radiological outcome
The fusion rate was 95.6% (65/68) 3 months after surgery. Subsidence took place in 13 cages (19.1%, 10 patients). There was one cage unfused in the group of subsidence and two cages unfused in the patients without subsidence 3 months after surgery. Statistical difference (P \ 0.05) was noted between the fusion rate of patients with and without cage subsidence. One mild cage migration was noted 3 months after surgery with the level fused. Successful bone fusion was achieved in all patients at the final follow-up examination with no more subsidence identified.
Of 57 patients, 35 (61.4%) had a lordotic cervical spine, 13 (22.8%) a straight, and 9 (15.8%) a kyphotic preoperatively. After the operation, 39 patients (68.4%) had a lordotic, 9 patients (15.8%) a straight and 9 patients a kyphotic spine. At the last follow-up, 42 patients (73.7%) had a lordotic, 10 patients (17.5%) a straight, and 5 patients (8.8%) a kyphotic spine. C2-C7 Cobb angle was preoperatively 11.1 ± 13.6°, significantly improved to 13.6 ± 11.7°post-operatively (P \ 0.05 vs. preoperatively) and 14.2 ± 12.6°a t the last follow-up (P \ 0.05 vs. preoperatively; P [ 0.05 vs. postoperatively), indicating that the improved cervical lordosis was preserved. The mean improvement of C2-C7 Cobb angle (DCobb angle) at the final follow-up was 3.2 ± 10.1°. There was no significant difference of the DCobb angle (P [ 0.05) between the subsidence (0.2 ± 9.9°) and non-subsidence (3.8 ± 10.3°) groups.
The Cobb angle between the two adjacent vertebral bodies was 3.4 ± 4.6°preoperatively, 7.0 ± 4.6°postop-eratively, and 4.6 ± 4.1°at the final follow-up. The local lordosis was significantly improved after surgery, and the improvement was partially preserved at the final follow-up (P \ 0.05). With regard to the disc with cage subsidence, the mean local DCobb angle (-3.2 ± 2.4°) was somewhat greater than that without subsidence (-2.3 ± 2.0°), showing no statistical significance (P [ 0.05).
The disc height before and after surgery, and at the last follow-up are given in Table 1 . The mean anterior disc height (ADH) and posterior disc height (PDH) of all patients, and of the subsidence and non-subsidence group were significantly increased after surgery, and then decreased at the final follow-up. At the follow-up, the mean preoperative ADH and PDH of all patients and the nonsubsidence group were significantly increased (P \ 0.05) than before surgery. For the patients with cage subsidence, both the mean ADH and PDH at the final follow-up were slightly higher than that before surgery although no statistical significance (P [ 0.05) was shown.
The mean preoperative ADH and PDH were not statistically different (P [ 0.05) between the subsidence and nonsubsidence groups. The postoperative ADH of subsidence group was slightly greater than of the non-subsidence group with no statistical significance (P [ 0.05), whereas the postoperative PDH of subsidence group was significantly greater than that of non-subsidence group (P \ 0.05), indicating that the subsided levels might be distracted more during the surgery.
Clinical outcome
The clinical outcomes of these patients are summarized in Table 2 . The JOA score of all patients, including both the subsidence and non-subsidence group, were improved after surgery (P \ 0.05) and then reduced at the final follow-up (P \ 0.05) but remained better than before surgery (P \ 0.05). The average JOA recovery rate was decreased from 42.5 ± 17.6% postoperatively to 37.0 ± 18.5% at final follow-up (P \ 0.05). The average JOA score and JOA recovery rate of the two groups had no significant difference (P [ 0.05) (Figs. 1, 2) at any time point. The JOA recovery rate was significantly (c = 0.347, P \ 0.05) related to the improvement of the C2-C7 Cobb angle (Fig. 3) .
The neck and radicular pain of all patients both significantly relieved after surgery in term of the VAS. Although the neck pain slightly worsened at the final follow-up, no significant difference (P [ 0.05) was noted. The neck and radicular pain of the two groups had no significant difference (P [ 0.05) at any time points. Fig. 2 A 66-year-old female patient with severe degeneration and good alignment of the cervical spine before surgery (a). MRI demostrated multi-level stenosis, with the level of C5-C6 and C6-C7 more severe (b). She underwent an ACDF at these two levels (c). Six years later, these two segments were fused with no cage subsidence (d). Both cervical alignment and clinical outcome was satisfactory There were no cage-related complications and cage failure cases.
Discussion
To our knowledge, there are few reports of the long-term results of stand-alone cage used in ACDF. In the present study, stand-alone titanium box cages were used for the surgical treatment of one-or two-level cervical degenerative disc disease. Fifty-seven patients were followed up for at least 5 years. The fusion rate was 95.6% at 3 months postoperatively, and 100% at the final follow-up. After a minimum 5-year follow-up, the JOA score was found to be significantly improved with an average JOA recovery rate of 37.0%. Both the neck and radicular pain was significantly improved. There were no complications associated with the cages. All results suggest that the long-term clinical outcome of the stand-alone cages used in the surgical treatment of one-or two-level cervical spondylopathy is satisfactory.
There are several clinical studies supporting the use of stand-alone cage in ACDF, but reliability of this technique remains controversial. In a multicenter study [11] comparing the cylindrical cage with non-instrumented boneonly fusion, similar success rates were shown for the two techniques. Overall complication rate for the cage is lower. Cho et al. [4] used stand-alone PEEK cage in one-, twoand three-levels microdiscectomy for 40 patients. Radiological examination at 6 months after surgery revealed a fusion rate of 100%. The functional and neurological outcomes of PEEK cages were better than that of the autogenous iliac crest graft fusion. However, based on a systematic literature review, there is limited evidence supporting the use of a cervical interbody fusion device in place of autologous bone [31] . One of the main concerns about stand-alone cage used for ACDF is the cage subsidence. During the process of bone remodeling, settlement of the cage of less than 2 mm into the vertebral bodies until fusion is to be expected [26] . If the cage subsides into the vertebral body, however, with disc collapse, foraminal height and the cervical alignment would fail to restore, thus influencing the clinical outcome. The incidence of cage subsidence and its consequences among the literatures were quite different. Gercek et al. [10] reported that 5 of 8 patients (9 levels, 62.5%) had radiological signs of cage subsidence and recommended additional stabilization is necessary to avoid this problem though cage subsidence did not correlate with clinical symptoms. In a prospective study [22] , subsidence was present in 30 of the 67 (44.8%) fused segments of ACDF using a titanium cage, but the height of the foramen was well maintained among the subsidence cases. The occurrence of local kyphosis was rare and did not cause any clinical complications after 2 years follow-up. More recently, Kast et al. [17] in a randomized prospective study reported a subsidence rate of 29% using PEEK cage. In our series, the incidence of cage subsidence was 19.1% and less than that by the majority of other authors. All cases with cage subsidence were noted at a 3-month follow-up. For the subsidence cases, the disc height of the treated level at the final follow-up remained slightly greater than that before surgery. However, despite cage subsidence, the long-term clinical outcome of patients of subsidence group remained satisfactory.
Results of this study showed that the improvement of the JOA score significantly correlated with the improvement of the C2-C7 Cobb angle. This may indicate that preservation of the cervical lordosis would be more important for the long-term clinical outcome than cage subsidence itself. Normal lordotic alignment is one of the most important factors contributing to good motion and function of the cervical spine [29] . Postoperative kyphosis at a fused cervical motion segment has been reported frequently, especially in uninstrumented anterior fusion [28] , with an incidence as high as 27.3% [13] . Sagittal malalignment after ACDF may relate to the cervical instability, postoperative axial pain, and the deterioration of neurological deficit, and may influence the functional recovery [7, 12] . The local loss of cervical lordosis may also alter dynamic kinematics of the cervical spine and increase biomechanical stress on the anterior vertebral elements in neighboring segments, thus promoting the progression of degenerative changes in the adjacent segments and deteriorating the long-term clinical outcome [2, 18] .
Cage subsidence does not necessarily mean loss of local and general cervical lordosis. As we found, the change of the local and general alignment of subsidence and nonsubsidence group was not significantly different. In fact, if the collapse of the anterior part of involved disc space is not greater than that of the posterior part, the local lordosis would be preserved, despite the disc space collapse. We cannot determine which part to subside, but we should adopt appropriate technique during the surgery by avoiding overdistracting the disc space and oversizing the cage, and carefully preparing the endplates, especially the anterior border of superior endplate where is less mineralized [3] , thus reducing the incidence of cage subsidence and loss of normal alignment.
To increase fusion rate, prevent subsidence and restore cervical sagittal alignment, additional anterior cervical plating has been recommended for cage fixation [8, 10] . Study with finite element model showed that supplement of an anterior plate would provide much more stabilization capability than stand-alone cage [9] . However, rigid anterior cervical plate fixation may shield the mechanical load that is very important for fusion. On the other hand, there are some complications associated with anterior cervical plating [6] . Moreover, the cost of additional plating would increase the burden of the patient. Hwang et al. [16] performed three-and four-level interbody cage-assisted ACDF with or without plate fixation for degenerative cervical disc disease. They found that good neurological outcome was achieved in both groups, while the patients treated with stand-alone cage have lower complication rate and shorter hospital stay. In a prospective randomized study, Dai et al. [5] used carbon fiber or PEEK cages containing b-tricalcium phosphate in anterior cervical fusion and found that supplement with anterior plate fixation can increase the fusion rate and prevent cage subsidence but did not improve the 2-year outcome. In the current study, high fusion rate and good clinical outcome of stand-alone cage Fig. 3 Correlation between the improvement of C2-C7 Cobb angle and the recovery rate of JOA. The JOA recovery rate was significantly related to the improvement of the C2-C7 Cobb angle were shown after minimum 5-year follow-up. This may indicate that supplement of plate fixation is not necessary.
Conclusions
In summary, the clinical and radiological outcome of the stand-alone titanium box cage for the surgical treatment of one-or two-level degenerative cervical disc disease was satisfactory after a minimum 5-year follow-up. Subsidence is a common phenomenon for stand-alone cage fixation, but did not affect the long-term clinical outcome. Preservation of the cervical lordosis would be more important for the long-term clinical outcome than cage subsidence.
